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DtMlflptlOII 

BACKGROUND OF THE INVENTION 

9 I.ReW of Reinvention 

(00011 The praeant Invention lelatee tow 
. to as an "organic EL (Nod 9 ) wNoh oan be utilized as a plant/ f^m source or utilized tn dtaptay devtoes. for example. 

to 2. Oeecrpkxi of the Related Art 

|0002] Recently, attention has been otawn to organic B. devices in which a luminescent layer, I.e., fcght emission 
layer, is fanned ftom a apectftoorganto 

can aoMava a targe area oftplaydavtoo which 

" Tang at al„ as is reported M AppL Phys. Lett, 61, 013 (1867), have succeeded in attaining an EL devtee having a 
structure In which organic compound layers having dlferent carrier transporting properties are laminated to thereby 
Moduoe holes and Ele ctro ns wtth good balance via an anode and a cathode, respectively. In addfton, since the 
thickness of the organic compound layers Is less tun or equal to 2,000a, the EL devtoe can exht* a high tumtnanoe 
and effkieficy eufPoient for practical use; I.e., a luminance of about 1 .OOOcoVm* and an external quantum efficiency of 

*° about 1% at an appsed voltage of no mote than about 10 vets. 

(00031 In tttts highly efficient B. device, Tang et at. have used magnesium (Mg) having a tow woric function in com- 
btnationwahanorga^oonpourKlvm^ 

reduoe an energy barrier which can causa a probl e m during injection of electrons torn a metal electrode. However, 
sine* the megneskm is unstable siid to It 

* oiganic layers, magnesium was used after alloying. Alloying is carried out by vapor co-dapoetton or simultaneous 
evaporation of magnesium and silver^ 

organic Bayers. 

{00041 The researches of Toppan Printing Co. (of, 51st periodical meeting, Society of App&ed Physics, Pn*>rint 

28a-PB4,p.l040) and reeearchers of 
*° 29p^ac-16, p. 11 27) have had develop m e nts in me usage of Bthlum (U), which has an even lower work function than 

that of Mg, and aJtoying U wtth an aluminum (Al) to obtain a stabilized cathode, thereby embodying s tower driving 

vottag* and a higher emtfng luminance fen oomparison w«h those of the B. devtoe using Mg sitoy. In addWon, as fs 

reported In IEEE Ttans. Section Devtoea., 40, 1342 (IMS), the Inventors of the present application have found that 

abjvo^ayofadcathoo^produoedby 
» oompoundlaYetfofloertb 

tn an Q. device. 

(OOOq Raoontfy, PeJ et al. of Uniax Co. have proceeded to reduoe the driving votege of an EL device by doping a 
pdynwtokxnineeoemtayer 

Ihe U salt dtopereed In the potymerto lumlneeoerK layr to oltrlxae U tons and oounsat tons near the cathode and 
40 near to anode, reepecthrely, thus er^ 

According to this met** since tie polymers near the cathode are reduoed with U as a o^ 

obnallngotopaim, and thue the reduced p 

Ir^ec^tromthecsthodecanbecone^^ 

(0006] More recently, the Inventors of the present application have found that the driving votage of an B. device 

4s can be reduced by *aptog en alkali m 

fike, or a rare earth metal such as samarium and the Ska, to an organic layer adjacent to the cathode electrode (cf . 
SO07,0ig**tP.77&>fcwasbesevrt 
in the electron ln)ectton from the cstho^ 
layer e^acert to the tfecftxo* product 

60 POOTJ However, due to oxlo^tton of the electrode 

above-described EL devtoas using an aSoy of Mg or U as ths electrode material. In addUon, the use of such aJtoy 
electrodes has tm disadvantage of fatted eeleo tto n of a material sufcatte for an electrode, because the otootrodo 
malarial to be used haa to simutaneousV satisfy tte Furthermore, 
tie above described two4ayered cathode devetoped by the presort Inverwxs is unabie to a^ 

* thtotawsatftheUlsyarlsmoTO 
dtead^antageoflowreprodict^ 

depoeted at a considerably reduced thickness In the oro>r of toout ft^ 
developed by Pal at a) .in which the U eat la added to the lurntoeac^ layer to cause the* 
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OaW.thereteaprobtomwIfothetr^^ 
controlled vea^, thereby oiu^ 
[000*] Moreover^ the method i^k*ln^^ 
precteely control thoooncentn^ 
5 may atlect the properties of thereof 

SUMMARY OF THE INVENTION 

[0009] The prescmirwenttonr» been m 
io aoooitgn^.oc^e object of the preeent Invents 

electrode to an organic compound toyw in accordance wtti a efcnpte and reliable method to thereby ensure a low 

cVWIngvoftago of the EL device 

(0010] ArKtfher ob^ of to preeer* Invents 

factory characterteuawhk* are 
u trade material,- oven If afu^ 

In the prior art are ueed solely as the cathode material 

[00111 In order to achieve the above mentioned objects, an organic electrolurrrtneeoent device te provided whteh 
Inoludee at least one lumlneecert layer, ooristhlu^ 
anode efeciiooteoppoeed to thecal 
so sx|ac«*tothecs*hoQfr oto^ 

amJ an organte metal conptexcoin^ 

metal Ion, an aflceJ earth metal Ion and a rant earth metal Ion. The cathode electrode Includes a metal capable of 

reo\idngtomeUUIon(s)lntto 

metal. 

n (0012] Preferably, the mixed layer te a layer formed upon oo-depoaflion of theory 
the electrortfninspofting organfe oompound. 

[0013] Preferably, the metal used In the formation of the cathode electrode te any one of aluminum, zirconium, ffla- 
nsjrn, yttrium, scandum and sttoon. 

(00141 Preferably, the metal used in the formation of the cathode electrode te an alloy containing at least one of 
*> aluminum, ztarium, titanium, yttrium, ecarKfcvn and sttoon. 
[0015] The above^leecrlbed cathode metate and 

reduoo a metal ten In the organic metal oompteo t oompound to the oorrespondaig metal 
(001 8] Generaly r somee*a« meta^ 
pressure then ttisi of high -melt^^ 
w matate, or the fee, can be reduced vrfth the Mg^Krwlringpolnt metate euoh ae aturranum, elbon, zirconium and tha 
to. For example, ft te wet toiovrnthsicalcta 

(of. Chemical Handbook, 'Appeed Chemistry Secfton r, edned by the Chemical Society of Japan, Matuzen Co., p. 

369), and rubkflum oxide and strontium oxide (cf . Metal Harefcook. edeed by the Japan Institute of Metate, Maruzen 

Co., pp^S-eO) oan be ateo reduoad wtth alummum te lorm a Oberaiad metal rubidium end stontkan, reepacuVaty 
40 [0017] The production of metal elecfrodsetea^ 

x 10* Pa (10* Ton) to deport an aton^ 

wtujnatheffru4yreduoJbtemeM 

the atall metal compound, sfttflesrt metal compound or 

reaction In vacuum nasutte so as to produce a redu^ 
<* In tfus reductton proceed if the e^ 

complex oompound and the otoctron transporting organic compound; the alkali metal, afcai earth metal or rare earth 

metal produced upon reduction andsfteraiton of theotgantom 

Jaoanjt electron transporting organic compound, thereby terming a metal doping tayec 

poi el tt tie attcaii metai, aftafi earth metal or rare earth metal oompound to be reduced Is an Iraxoanto oompound 
*> aurtas an oxlofc, a fluoride, end t» 

transporting, organic oompound to form an organs? layer, because the Inorganic compound has a high evaporation 

temperature due a> good atabtty thereot RaThemiore, due to 

pound, the remaining moJooutee of the SKM^ante compound wMch are unreduced ma^ 

the EL device. 

« (0619] In the present invention, an alcaU meW, itkati car* metal or rare eerth metal compound was ueed aa the 
organic metal oomptex oompound, k) plaoe of the Inorganic oornpound thereof. The organic metal complex oompound 
and the sleotron fcuuiuuiUM] onjanio oompoucid were co dsouiiteJ and mixed to form a mbcod surer The produced 
mteed layer waa futthei coated with a cathode sjectrodo made of a specific electrode material which contains a metal 
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capable of reducing. In a vacuum, the metal ion{a) contained In the organic metal complex compound. Thus, based 
onmaWghrodudnopowafofthacfltioo^ 

metal complex compound In the mbtod layer and than the BOjacont electron transporting organic compound ooukl b# 
reduce wth tha Bbaraiedrnetal^ 

VlJSGDOn DBmST, UKNSUy HBOViuacy a OTmnQ VORaQB Of TO OOvlCo. 

POM] In praottoe, the organto metal oompta compound used in the fomwtfon of the electron injection layer it not 

teatitasdtoa sp acJ Pc oon?o^ 
k>n of tie afcaa metaJ lorie. atai 

oornplax oompound, although may are not restricted to (ha baiow-daaodbao; qutoolfloi, banzoquVwflnot, aoydtoot, 
phananalhrfolnot, hydroxyphenytaazolo, hydroxyphanythtoola, hydroxyolesytoxaduttoJe, ttyotaydterylttaelazoie, 
hydrpxypharylpyrkflna, hyoYoxyphafiytoanioln^dazoW, hydroxybenzotrta»*«, hydroxyfijrborane, Wpyridyj, phanana- 
throtae,phtfwriocyanlne, porphyrin, pyptopantaoleno, p-dflcetoneo, azomothJnee and derivatives thaiaol, are preferably 
used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

C0O21] The present invention will be more clearly understood from the oeecitpcon aa eet forth below wtth reference 
to tha accompanying drawings, wherein: 

Fig. 1 is a oroaa-aactJooaJ view lluttriting a lamination atruolurao^ 

embodiment of tha peasant Invention; 

RO. 2 ^agraph showing tha ralaoof^ 

of Example 1 eitd the organic EL devtoe of Compel 

Fig. 3 Is a graph showing tha talattonsNptMtamttiactim 

of Exampfe 2 and die organic B.devte^ 

DESCRPTION OF THE PREFERRED EMBOtMUBfTB 

pom Rgurel IsaahipffiadoroaaaaottmafvlBia 
amoodkpamofthaprasantiwanD^ 

orefcr on a surface thereof a transparent electrode 2 commuting an anoda electrode, a hoia transportation layer 3 
having hola-awaporting properties, a luminescent layer 4, an electron (reaction layar (also rafarrad to as a a mbcad 

tayeTor'an organic layaOStrt^ 
flayers), the tf a sssu b etr atoftran^ 
the tumirieecenttayeM rate 
the<*hofeelec*t»de6ce^ 
10023] lnaddfttontothelk«*rajedlar^ 

can include othar lamination structure* such as: an anoda, a lumineecent layar, an electron injection layar (mbcad 
layar), and a cathode; an anoda, a hots importation layar, a tumtneecefrt layar, an electron Infection layar (mfced 
layeO,endacathodc;ana*oo^at^ 

electron fc^actton layar (mbcad layar) and a cathode; an anoda, a hoia irtfeotton layar, a hoia transportation layar, a 
lumineecent layer, an alactron (reaction layar (mbcad layar), and a cathode; an anoda, a hoia Ir^ecion, layar, a hole 
timnspora^ layaf , a lunynaac^ 

a cathode. Tha organic EL davtoa of tha present invention can hava any desired lamination structure, as long aa a 
combination of tha alactron h)actkmlaysr(mlxad layar) Sand 
requirements of ma praaant Invention, 
Trie formeiton of the electron 

for forming thin Nrns Inofeidlno, for example, a vapor depostion method or a sputtering method. In addition to those 

methods.* Its layar cuba formed from a coa^ so 

solution by using any o*ejred coating methods such as a spin coa^mat^ 

method. 

{00281 Furthermore, tha fonmtkwo^ 

and the sputtering method; however, any other method may be used . if desired, as long as the method t* based on 

Okn formabon in a vacuum. 

{Ottfli InftaproduQuwoftheofgante 

compound In the electron Msollon layer (mixed lay^ 

ports^tayara/s not restricts 

Includa poVcyoSo oompou^ 
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cycle h/drocoboncoinpou^ 

•t phar^raUne, bcthoptonamhroino, p 

wci, as deilvatWea thereof; and fluoreoefne, pwytone , ptthaJopeiytene, napftthatopeiylene, perynone, phlhatop- 
orynone. na pht heJ o p etynono, djphonytoutedtona, tebaphonytoutadtene. oxactozofr, aldarine. bKbergoxazoine, btes- 
tyryl, pyrarine, cyokyentacSeno, oxlno, amhoquinoino, Imine. djphenytethytane, vlnytannhraoana, dtamlnocartoazole, 
pyrane, thlopyrane, polymethlne, marocyanlno, qulnaortdona and rubrene, aa we8 as dortatk/ea thereof. 
|00271 teadd»onto*eeeoigejitecampour^.m^^ 

amJned Patent Publoafen (Kokai) Not. 89496695, 8-22667, 0-81472, 5-9470 and 6-1 7764 oan be appropriately uwd 
as tfie organic compounds. An^theeemet^^ 

for example, metaJ complaxec which contain, as a Qgand thereof, at least ona member eeJected from 8-quinotnotato 
such astr%{&-<**>c^ btefbenioffl-S-qui^^ hig(2-mathyi- 

0K)UfMlnoteto)aiymbium l iHi^i^iiofinotalo)^^ tte^nattiyW^lnolnoiato) aluminum, 8*qutnoanotato1lthlum, 
tria<5-chlorD-8- quino&>otato)$afitfTi and bla(5<hl(Kt>-8-(^^)nol£lo) calcium, aa wall aa derivatives hereof, can be 
appropriately ueed. 

[0028] Furthermore, oxadkzotes ditoJoeed In Japaneea Patent Kokal Noa, 5-202011, 7-179394, 7-278124 and 

7- 228679. trtaiineo tflsoloeed in Japanaaa Patent Kokal No. 7-1 67473, alUbana derivatives and dtayrytaiyiene dartv- 
aft** disclosed ki Japaneee Patent Kokal No, 8-208983, atyryl derivatives disclosed in Japanaaa Patent Kokal Not. 

8- 132060 ami 8-89072, utddtotefln do 

preferably used in the formation of the kgnlneiosnt iayaf andtna aiaotiwtransportaaon iayar. 
[0029] Furthemtore, a fluorescent whiter-^ 

ba uaad aa tha organic compounds, and includes, for example, those described In Japana aa Patent Kokai No. 

69-1 94393. Typical examples of tha ftuoreeoent whitening agent Include the fluorescent whitening agents otaasffiad 

under the group of faeruoxazotee such ae 2^-b^5,7-cfl-t-pentyl-2-benzoxazoiyl)-1 ,3.4-tWadlazole, 4,4'-Me{5,7-t- 

pantyl*2-banzoxazo1y0atltene, 4,4'-ble P7-d^Hmthyf-2-buty04*t^ 2,5-bis<5,7.<i-M>entyl- 

2-benzoxazolyf) thlophene, 2£-Ws(5-<a, o <ftiiethyfbenzyQ -2-benzoxanlyqthiophene, 2,6-blsp7-dK2-methyt- 

2*utyth2*eittoxa2oly1^,^^ 2,frbis{6-rmrthyl-2-ben^^ 4 a 4WeC2-befizaxa2ofyf) 

ttphenrtS-methytg-g-^^^ 

thoftfecQoxazole; umter the grot* of b^njcdtfajoles*^ 

dsrthegroupofbeniolmklazol* 

yphenyOvfnynbenzolmidaxole. 

10030] Aa the cHstyryfeeiizene compound, tte 

for example. Typical examples of the dttyfyfcenzene confound Include 1/i-bis(2-methytetyryf)be^ 1,444s 
(S^nethytstyryObenzene, 1,4^4-methylatyfyObenztne, cMtyiytwnzene, 1 f 4^to(2-cdTytetyTyQbenzene, 1,4-Ws 
(3^thytetyiyf)ben2ene, 1^4*bla(^nethyMyryfK^^ 1,4-beX2-methyletyryfr^^ 
(Uttl] Furthomw.dtoytyVyrazte 

In the formation of the luminescent layer and me electron transportation lay^ 

derivative* include 2^bia(^mafhytotyiyf) pyrazlne, 2^^4^attiy«slyryQpyrazfe», 2^iee^(1-naptrthyf^^ 
^2>MK4-metho«ye»fyqpyreJine, 2^*<s(2-t*-b!phenyt)vtny^ end 2,5-tts(2-{1 i*feny()v*nyqpyTexln«. 
P0tt] In addlOon, dmethyftttno derivatives dtodoeed in European Patent No, 38S,768 and Jspaooss Patent Kokai 
No. 3-231 970 can also be used aa the material of the iumineecam layer and the electron 
examples of the dfoethyMno derivattvee Include 1<4-phenytenodknetliy»dine, 4,4 > -phenylenedimethyadtoe, 2,6-xy- 
lytowdimethyMne, 2,8^iepl> t hyl er *edliietttyldfr>e > lA^phenytenedlmethyftdine, 1 ,4i>-t*ephonytenodknethy8dlno t 
9,109,10-ewthraoenotfyld^ aa 
wei aa derivatives thereof, eJanamina derivatives disclosed in Japanese Patent Kokal Noa* 8-49079 and 8493778,* 
pctfyf unctlooaJ styryf oompou nets disclosed In Japanese Patent Kokal Nos . C-279322 and 8-279323; oxadUioie dertv- 
ethmdkoloeed In Japanese Patent Ko^ 

Patent Kokal No. 8-208886; oxynata dertvaBvoo dtectosod In Jap aneea Patent Kokal No. 8-145146; letoaphanytbuta- 
tiene compounds dtectoced in Japaneee PaM 

Japanese Patent Kokal No. 3496596; ea watt aa coumerin dertvaflvee ctfsdoaed In Japaneea Patent KofceJ No. 

2-191894; perytene derivatives diedoeed In Japanese Patent Kokal No. 2-196868; naphthalene derivative* dlsctoeed 

In Japanese Patent Kokal No. 2-256789; phtheJoperynone derivatives dtocfeeed in Japaneea Potent Kokal Noa. 

2-289678 and 2^88889; oivl atytytamtno dorivaevos dttflooeo m Japenese Patent Kokei Ho, 22SQ292, 

[0033] Moreover, any weS-known compounds wtiloh are conventional in the pfoduoion of the prior art organic EL 

devfc^ can be appmpilelaVuaed as the organs 

Invention. 

(0034] The examine oon^nds used In tfM 
the hole-transporllng lumlnaa^ 
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Japanese Potent Kofcai Not. 6-26659, 6-203963. 6-215674. 7-146116, 7*24012. 7*167473, 8-48666, 7-126226, 
7-188130, 6-40996, 840996. 840997, 7-126226. 7-1 01911 and 7-973S5. Typical examples Of $*&m$mkmO*fr 

amlnob*haoyt, 2£-Mt(4*«f*tyl^ W/W-tetmiHDlyK^^ tki^dkfh 

tolyiamlnophenyOphofiy*^^ fOJJW-tetraphe- 
nyM,C -dtamlnodtohanytether, 4,4M)l^dt)honytamino)<|uadripheny^ 4*N»W djphanyta m1no*(^|>honyMrty^^ 
S^nethctty^fN^fchen^ N-phcriylcafbazole, 1, 1-bte (4-dHH rta mtnophonyOeyoiohe^ 1,1-bit 

(4-dhp-frlamJnQphm iyQ-4"pheny1cyclohaxane, bii (4 olme th y taniln o- 2 ii i ati iylphsn yQ p h or iylmo t han o, N,N/i-trt(fHo<yt) 
mine, 4^dH>*ty!mlrtoK N, N^ l ^4ofinBpft#n^ i 4 > <B«ntfnoMpher^ N-phanyl- 

caroazoto, 4 t 4'-bta(N-<1 -naphthyQ*-pficnylamlno]b^ 4,4"-bHC*-{i -oaphth>^-ph«Tyt«Tyno] p-tarphariyl. 4.4*- 
b4«tNK2-f^)Wiyf)-^^ 4,4T-bli(N43«»naphther^ 1,5-bto {fH^ 

naphthyl>-fH>heny1an*n^ 4,4'-btl|^franlhiyt^ 4^ 

btflCNHI-anttvyl) 4t-phenytamlno) pieiphenyl, 4,4, -Me {N- (2i)hanafrtt¥y044i>henytau^ 4/T-Ws 
(N-(84)uofaflthenyt^^ 4^-©^.(2-pyrony04H>hony^^ 4,4^«tfN-<2"peiy»enyl) 

-Ni>h*nylari^Wpbeny^ 4/T -fab [N • (1-coronenyf) -N-phenylamlno ftphenyt, a.e^di^to^ylamlnoJnapNhatene, 
2>ofctdH1 -napWhyQamkK^niiphttwyanfi, 2 ( 6-U^N-<1 -iuiph#*Q4K2-ft^^ 4,4' 4* (fifi^M 

^^ap^thylitn^^tph^, 4/T-bit (N-phenyW<44-<1««apbthyt)^^ biphenyl, 4 > 4 > -bK(N-phanyl- 

N-(2-pyt«nyQamlM]b«ih6nyl. 2 f 6-bl^ l N-dK2-n*Dhth^ 4,4M>U(N i N-<5H>4qI^ and 

tts(*M-naphthyQ (N-2-naphtoyf)amlno. Abo, any well-known arylamtne compounds which are conventional In the 
production of organic EL davtoea In the prior art oanbeauHaMy uaad,tfdeeirad 
|0035) Furthernwe.tathefonnfitt^ 
lumineeoentlayer,adlapMionofthoabov^ 
ouch organic compounde can be uaad at to layar^ 

pdyparaphenytene vinytono and dsrtativea thsreof , hoto-craropofting norvoonjugaled poiymara, typicafy pdy(N-vf- 

nylcarbazola), and o^conjugstod polymers of pdye&anss can be uaad at tha layer-forming material. 

J0038] The material ol the hotalnjactton^ 

trode) Is not restricted to a tpecfficmaferi* 

atnorwnotolphthakxyantnos.caM^ 

usedinthoformatk>noftheholcln»ac^ 

abwa-descrt^ 

(00371 At la appreciated fwnttw above doUilsddeso^^ 
Invention, elnce an organfc layer (electa 

a mixed . layer from an organic metal complax compound ooftfaMng at 1^ 

matal km and rara aarth matal tont with an a tactiw yfrartaporting organic compound; and furthermore, tha cathode 

electrode It conattuted from amctai 

ooneituUng the orgarto layer; tbecomoop 

material tharofor, tow ooat and sta^ 

othar sfcn&ar davtoea, of tha prior art. 

posq inadaWontot haaoflaaw Bttreartw^^ 

eltctrontajacfon barter, be^ 

nanoa. Accordingly, tha EL dwricea of the preeent Invention can artblt a high utStky In tha practical use thereof, and 
aftturealheJr affect itflz^ 

EXAMPLES 

(00391 Ttwpreocm Invention w« be further dosorMwta 

be noted that the present Invenion li not restricted by thaed exampJea. 

{0040J In the fosofftngexamploe, vapor dapoti 

the vapor dapottion eppanjkja •VPC-400* commerciafy avataUa from SWntouu Wtou Co. Tha thfctneaa of *e de~ 
pottted laysrs was determined by uting S>o profBometar "DoKIMCSSTP oommoroieliy available from Sloan Co. Further* 
more, tha oharactertstiec of the organic EL davloa were determined by uaing the aouce meter "2400" oommeroftafy 
av»M*lafromKs>h1oy4Co.and*ttlumta^ 
was ttspwlte ^ppiad at an Sweating rate d 

aluminum (AO cathode, and lie luminance and the cfcdffecumwtt ware determined after one 

theaxnplettootfeachtoreaseorto 

tnefrzer'PMA-lorcofnmefd^ 
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Example 1: 

[0041] The organb EL device havhg the taminsfen ttnictu* iluetmsed in F&. 1 wae produced acconiog to the 
pfooont Invention* 
5 [0042] Atfeeeeubetralel was ooited i«h an no (MUfT^ 
commafolalyBvtlatfraoaoputtertq 
fcAfchafr^WhavtnaaholottaM 

ITOcoatod ojaoo eubebato 1 under me vacuum vapor deporttaneondUoMoriJ»«t<HPe(ia4ita)endeAMee 
(o fiotm e hole tnmpOfteOon leyer 8 having ethttnote of SQCA. 



*5 



JO 




*> (OOOl There«fter,anaiurtnumaOT 

a green kjmtoeaoenoo, lepreeemed by the fottoering formula (H), mm deposited onto the Me tianeporttttoci layer 3 
under the tame vaouum vepor dapoeMon oondftiont ee In the above deooribed depoeWon el die hole tranaportatlon 
layer 3 to form a tumtoeecert layer 4 hevwigelhlolGneeeeresoA. 

es 



40 



45 



50 




* {0044) Afterltefomiaftaoftholur^^ 

a ithium oornptex of rnonofSKtulnotnolato) (refened lo at *Uq*, ae an organic metal complex oompound) repea t o n tod 
bylho fatt Be4njfoineaa(Bl)a^ i (Uq;AJq) 

worn e»4aj»eaedundtr the pteeeinoH 



7 
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layer 6 having a tMcknaee of 60 A was (hue Obtained. 




(0O45J Finely, aluminum (AO was depoeted at the deposition speed of 10 A/sec onto the electron Injection by* 
(mixed layer) 6 to form a cathode electrode 9 having a thtofcnee* of 1 ,0OoA. The organic EL device having a square 
luntfneocem am of OAcm (length) toy OjBom (wtdto) wee thue obtained 

(0046] In the produced organic EL dovtoo, a DC votags waa applied to between toe transparent anode electrode 
(TO) 2 and the cathode el ect rode (AQ 0. and the luminance of the green iuminoocenoe from the tumtooscem layer 
(Aiq) 4 wee determined to obtain the reoi^ plo t ted with while dots in Bg. 2. a can be appreciated from Rg. 2 showing 
the reietkmehlp between the Was vot^ 
od/h^couti bo obtained the wppiodb^ 
the applied Waa votage of &6 vofce. 

Comparative Example 1: 

[0047] The procedure of Example 1 waa repeated to produce an organic EL device with toe proviso that, for the 
puipote of comparison, an eiuutfuii Ir^ecwM layer 5 waa formed from only too organic metal oomplex compound (Uq) 

crflhs above fomujMtH).TY*K 

portaion layer having a totafcnoos of eooA,and then Akj waa dspoofcod under the eame vacuum dspoaltloncondaiona 
aain ttwdapoeatonolthehola tranapoftattonlayv 

an electron Injection layer having a thickness of 6 A was dep o a te d from Uq under toe deposition tp eod of 1 A /sec 
Thereafter, aluminum (AJ) was deposited at a thickness of 1 ,000 A over the •Joctron Inlooion layer (Uq) to form a 
cathode electrode. The otgarric EL device waa thuo obtained 
EKMMt) In the produced oiganio EL dswioa, the toiw^ano^ 
determined as In Examplsl to obt^th*-^^ 

only a luminance of at most 21 .000 cd/ro* waa obtained at the increased applied bias veeage of 13 vofta, and the 
appled bias vofags of 9£ volts was re 

(0049] Nenoo, tho results of Rg. 2 todteaethattoepfeeeroecTa mbcsdtayvsuc^ n the ©taction injaction layer 5 
used In Example 1 is effective to reduce the driving vetoge of the EL devices. 

Example 2; 

[0050] The prooedure of Examplo 1 was repealed lo produce an organic EL device with the proviso that in thto 
oxortyplo.a^PO was arstdspotfcad onto 
sthiolmss ot 500 A, followed by vacuum deposit 
Thereafter, the organlo metal oompto 

ratio of 1 : 1 (Uq : Alq) were co-depoetted to form an electron Injection layer (n^xed layer) eh« 

A. Aner the formation of toe electron 1^^ 

electron Injection layer ea> form a cathode electrode 6. 

(0061J In the produced oa>anloB.devloe,«^ 

m* could be obtained at the appaod Mae votwje of 14 vole, and the appM bias voltage of 1^ 
obtain a luminance of 1 ,000 cdtaA 

(0052] X can be spnrec tats d from toe comparison of the above results with those of Example 1 that the luminance 

property of the EL devtoe of Exampls a la aUghty poorerthen toai of Example 1. However, athouo^ 

the electron injection layer 5 waa Irar^ 

lurninafx»r^ropertycfthedev^ 

obtained kvExample 2. 
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Comparaftto Example 2: 

[0069] The procedure of Example 2 wis reputed lo produce an organic EL devtoe with the prwteo that, (or the 

purpoMrfootrv»ffeon v wieto^^ 

theeiectrortimnapo<*igorp^ 

etratototomiahotetwnapoitau^ 

lurtineooer* layer havtnjathfctgi^ 

compound (AloJ In a molar rado tf^ ^ 

having a thfafcneea of 800 A. After the tarnation of the electron injection layer, aluminum (AQ wa* depoeted at a 

tNekneaaof 1,000 Aow the election ln^^ 

(0064] In the piwiuccd organic B.o*^ao la 

coyn* wee obtained at the appledbtev^^ 

obtain a kumtoianea at 1 jOOOodfti*. 

(00661 Ttooonparieon of the above leeukawthta 

contend aiichaaUFcannjmeftabfydea^ 

metal complex compound, duo to the unroduood UF being totalnod lo the electron injection layer (mixed tayaf). 
[0066] Although the Invention hae been daaort) ad wtth reference to particular moana, material and ambodfrnams, 
tt^beur*eratoodthatthetnvcr^ 
the eoopo of the oiaJmt, 



Ckkna 

1. Anorp^ntooleotroiumfriooocrt 

pound. between a cathode e lectrode and an anoda ele ct rode oppo a a d to oald cathode electrode; wherein: 

add electn<umlnecoent device further comprieee an organic layer adjacent to aaW cathode Necfrodo, oak* 
organic layer being a mixed layer of an etecfc u Kraneportfctg organic »H*oood and an o rganic metal complex 
compound containing at laaat one member eeiectad from the group comprising an alcafl metal ion, AnefcaU 
earth meui ton and a rara earth metal Ion; and 
eald cathode clectroctoccinpfteln^^ 

compound of eald mtxad Iayar, In a vaaiun\ to the corroapowtng metal. 

2. Theoip^ntoelectioluminaaoafttdavte 

dapoeJOon ol eald organic m*a< oomplex compound and tatd electron-tnamportlng orgenlo oompound. 

3. The organic etoctro l u ml ne o c ent dovfce accorotng to ctakn 1 or 2, h which the metal iieed in the formats 
cathode electrode la any one of aluminum, rtrolunvtfcanlum,ytrt^ 

4. Thootganbeloaioiumlnoocantc^ 
cathode etoctmdeia an aloycomaln^ 



PatontaaapfQehe 

1. O/ganieche BeictoT*imine«*enzvo^ 
Sun*naazleronden8etUc*tzwlectw 
den AnodeneWdmde: wobol: 

dtoBetoo4umlneazan2von1ohfeur^ 

hilt, wobol aoonjanleoh»8cNott 

bMungundctnororganJaot^ 

Qn^ p^aiiht lit, dto eln MataaCalton, eto 

dtKat h ocfc n alolofrdoolnHogtf« 

ictxip*e*vert>bd^ 



2. OrganiecteBetoolun^ 

der otgnntehen Motemunvtexve*indung und dor airtdronefaranapoftlafandan orgarrieohen VartHndung geb6- 
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<tet» ScfttefUtet 
8UUum«mMUL 



RovofulkMftiom 

1. Dt^0tll>4tBCtWl^ 

organiquo, •ntre uo# cathode it un# snodt oppoott ft ladls cathodo, dvtt toque! : 
todUtepotlirfladrolm^ 

prmmtm tonmttattqutatoaln,^ 
tacit* cathodooomprootntiMin^^ 
mttBUqueorgviiquftduw 

a. DtepMttf ttootrokir***** organiquo aaton (a revindication 1, dai* laquol tefl* oouch* oompoatta est una 
oouoha lofmte lois di d^oor^oM 

3. OfcpoaW 4kw*ok^ 

ten do todte otfioda art fun qmfloonqua 4m mftaia tufeanti : tfumkti^ 



4. Dfepoattfftlactrolun^ 

flow da l^ftacaftodaaatun aH i ja ooittaiMrt : alumWum, ziroooUmx tttane. 

yttrium, aoandhan ftiNokiut 



to 
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Fig. 1 
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Fig. 2 
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